High Order Trans -impedance Filter with aSingle Operational Amplifier 

DESCRIPTION 

(Parol) Related Application 

(Para 2) The present cppliocil-ion is relol-ed to the oo-pendng cppiiool-ion 

entitled, " Reducing Noise end Distation in a Receiver System" , naming cb inventas 
KAMATH et d, fiied on e^en daTe heraA/ith, oTtane/ dockef nunrto: T I -38004, 
serid number: UN/^SI QMED, end is incorporol-ed in its entirel-y hercNA/ith. 



(ParaS) Background of the I nvent I on 
(Para 4) Field of the I nvention 

(ParaS) The present invention rdd-es to signd processing drcuits, end nnae 
spedfiodly to the design end implennenteil"ion of a second ader trens-impedcnoe 
filter with asin^eoperdiond emplifier. 



(Para 6) Related Art 

(Para 7) A generd trens-irrpedcnce drcuit generdly refers to a drcuit 

which generdes a vdtege level (on en output pdh) propationol-e to the nncgnitude 
of en input current, es is well known in therelevcnt ats. Afilter, implennented es a 
trens-impedcnoe drcuit, prcvides frequenc/ sdedivetrensmission in eddtion to the 
ourrent-vdtege oonversion. 



(ParaS) Thus, a drcuit a a oorrponent which operafes cb both a trcns- 

impedcncB drcuit end a filter ocn be referred to cb a trens-impedcnoe filter. By 
oombning both filtering end oonversion to vdtege level into a single 
drcuit/ccnponent, ocK/cntcges such cb redudion in aeq/spooe recjuirement end 
power consumption ocn beoftdned 



( Para 9) T rens-impedencB filters ocn be used to process current signds in 

severd soenaios. Exerrples of such soenaios indude processing the output current 
of a current steering DACa the output current of a dcM/n oonversion mixer. 



( Para 1 0) Filter drcuits ae generdly irrplemented cb second a hi^er ader 
filters, since the higher ader provides a desired hi^ le^d of filtaing. In eddtion, it 
is desircbe to implement such filta drcuits using a sin^e operoi-iond emplifia, 
since the oarespondng irrplementd-ions would hcve reduced powa end aeo 
reeiuirements. 
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(Para 1 1) Brief Desaiption of the Drawings 

(Para 12) The present invention vAW be desailDed witin reference to the fdlo^ng 

oooompcnying ctOA/ings. 

( Para 1 3) Figure (Fig.) 1 is a bock dcg-cm of cn eKcmple receiver system in which 
severd ospeds of the present invention ae impiemented. 

(Para 14) Figure 2 is odrcuit dcg'cm iiiustrofingthedefdis of a mixer inonepria 

emiDodment. 

(Para 15) Figure 3 is a drcuit dcg'cm iiiustrofing the defdis of a fiiter drcuit in 

onepria emioodment. 

(Para 16) Figure 4 is a logiod dcgrcm illustrating the ndse/dstation caused Icy 
the oombind-ion of the mixer of Figure 2 end filter drcuit of Figjre 3 in cn 
embedment. 

(Para 17) Figure 5A is a drcuit dcg'on impiemented in single-ended mode 
illustral'lng the defdis of a combinofion of a mixer end a fiiter drcuit in cn 
embedment of the present invention. 

(Para 18) Figure 5B is a drcuit dcgrcm implemented in dfferentid mode 
illustral-ing the detdls of a combnafion of a mixer end a filter drcuit in cn 
embedment of the present invention. 

(Para 19) Figure 6A is a drcuit dcg'cm impiemented in sin^e-ended nnode 
iiiustrofing the defdis of a second ader fiiter drcuit in cn embedment of the 
present invention. 

(Para 20) Figure 6B is a drcuit dcgrcm implemented in dffaentid mode 
illustral-ing the defdis of a second ader filter drcuit in en embedment of the 
present invention. 

( Para 2 1 ) Figure 7 is a geph iiiustrofing the irrpedcnoe ehaaderisties of a second 
ader fiiter \A/ith the frequenc/ vdues shOA/n on X-exis end the input irrpedence 
vdue shcM/n on Y-exis in cn embedment of the present invention. 

(Para 22) Figure 8 is a gcph oompaing the ndse chaed-eristies of embedments 
of pria at \A/ith the example ermbodments oooadng to vaious cspeds of the 
present invention. 

(Para 23) Figure 9A is a drcuit dcgrcm illustrating a generd fam of the filter 
drcuit in sin^e-ended mode aooadng to cn esped of the present invention. 

(Para 24) Figure 9B is a drcuit dcgrcm illustrating a generd fam of the filta 
drcuit in dffaentid mode ocoadng to cn csped of the present invention. 

( Para 25) Figure 9C is a drcuit iiiustrofing a rrxxificafion to the dffaentid drcuit 
of Figure 98 \A/hieh prcvides a desigia mae design ehdoes in ediieving desired 
fiita ehaodaisties. 
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(Para 26) Figure 10 is ag-cph illustrd-ingtl-iefeecback fcd-a vdues cxjrespondng 
tovaicxis input impedcnoe vdues in one embedment. 

(Para 27) In the d-QA/ings, lil<e reference numbers generdly indocite identiod, 
fundiondly simila, cnd/a strudurdly simila dements. The d'OA/ing in whidn cn 
dement first cppeas is indoated by the leftrrxxt dgt(s) in the oorrespondng 
reference number. 

(Para28) Derailed Desaipfion 
(Para 29) 1. Overview 

(Para 30) A tr ens -impedcnoe filter drcuit prodded ocxxxdng to cn csped of the 
present invention contdns cn operotiond ainplifier, a first resista, a first ocpadta, 
a second resista, end a second ccpedta. The second ccpedta is conneded in 
padid between the inverting input termind end en output termind of the 
operotiond emplifier. The second resista is conneded loetween the output termind 
of the operotiond emplifier end a seoond node on a path oonneding the input sigid 
to the inverting input termind. The first resista is coupled between the first node 
end inverting input tamind of the cperotiond emplifier. The first ccpedta is 
coupled between the first node end Vss. 



(Para 31) Due to such oonnedions, the filta drcuit operates cs a second ader 
filter drouit, thereby providng a desired hi^ la/d of filtering In eddtlon, cs the 
filter drouit is implemented with a sin^e operationd emplifia, the pcwa end aea 
requirements ae dso reduced. 



(Para 32) Aiother csped of the present invention provides a generdized version 
of a filta drcuit, which ocn implement catdn trcnsfa fundions that the cbove 
noted seoond acter filta drcuit on not inrplennent. T he cbove-noted second ada 
filta drcuit ocn be redized from the genadized vasion. T he genadized vasion of 
the filta drcuit is dso desailDed in furtha detdl in sedions bdow. 



(Para 33) Sa/ad aspeds of the invention ae desaibed bdow with refaenoe to 
examples fa illustration. It should be undastood that numaous spedfic detdls, 
rdcitionships, end methods ae set fath to provide a full undastendng of the 
invention. Cne skilled in the rdevcnt at, howeva, will recdiy recognize that the 
invention ocn be pradiced without one a mote of the spedfic detdls, a with otha 
methods, etc In otha instcnces, well-knov\/n strudures a opaaticrTS ae not 
shown in detdl to CN/dd obscuring the invention. 



(Para 34) 2. Example System 



PegeSof 38 



(Para 35) Figure 1 is a block dcg-on cf receiver system 100 illustrol-ing cn 
excmple system in winich vaious cspects of tine present invention mcy be 
implemented. Fa illustrai-ion, it is CBSumed thai- reoeiver system 100 is 
implemented within a Wireless Lood A-ea Netwak (WLAN) Reodver. Howo/er, 
receiver system 100 ocn be implennented in ether devioas (wirdess cs wdl cs wire- 
bcBed oommuniocil-lons) cb well. 



(Para 36) Reodver system 100 is shown oontdninglowndsecmplifiers (LNA) 1 10, 
mixer 120, filter drcuit 160, end cndog to dgtd oonverter (/^Q 170. Ecdi 
block/stcge is desaibed in further detdl bdOA/. 



(Para 37) LNA 11 0 receives signds on pofh 101 cndcmplifies the rood ved signds 
to generd-e a oorrespondng cmplified signd on path 112. Fa excmple, in wirdess 
systems, the signds thai- ae trcnsmitted from sotdlites, etc rra^ be reodved by cn 
cntenno (not shown) end the reodved signds ae prcvided on pol-h 101. The 
reodved sigids mot/ be week in strength end thus amplified by LNA 1 1 0 fa furtha 
processing. 



(Para 38) Mxer 120 rrx^/ be used to dcwn-oonvat the reodved cmplified sigid on 
pcil"h 1 1 2 into cn inter nnedcil"e signd with the frequenc/ bend of intaest centaed a!" 
a Iowa frequency then the oaria frequency of the reodved signd. In en 
enrtxxinnent, a signd with the frequency bend of intaest centaed of 2.4 QHz 
(oaria frequency) is convated to a signd with the frecMency bend of intaest 
centaed ot zao frequency. 



( Para 39) IVixa 1 20 mcy reodve the cmplified signd on path 1 1 2 end a signd of 
fixed frequency on path 122 cb inputs, end prcvides the intamed ate signd on path 
126. The signd of fixed frequency on pofh 122 rrxy be genaol-ed by a phese 
locked loop (net sho^) in a knewn wey. 



(Para 40) Filta drcuit 160 mcy oarespond to a low pcss filta, which diows the 
desired low frequendes end r^eds dl otha unwonted hi^ frequendes present in 
the signd recdved on line 126. The filta ed signd, which oontdns the freqjenc/ 
bend of intaest, is provided on peth 167. ADC 1 70 oonvats (semples) the filta ed 
signd recdved on peth 167 to a carespondng dgtd vdue, which represents the 
signd of intaest in recdved signd 101. LI\IA110endADC170rTX3/beirTplemented 
in a knewn wey. 



( Para 4 1 ) 1 1 mcy be noted thai" some of the components (fa excmple mixa 1 20 
end filta drcuit 160) desaibed ebove mcy introduce ndse end dstation in 
recdved signd 101, which is undesircde. 
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(Para 42) An asped cf the present invention reduces such noise end dstation in 
the receiver systems ty ho/ing mixer 120 prcvide the inter medol-e signd to filter 
drouit 160 in the fam of dedric current (cb opposed to in vdtcge domdn). In 
generd, cn output sigid (here, intermedal-e sigid) would be deemed to be 
generol-ed in the fam of dedric current if the percentcge of chcnge/swing of the 
mcgnitude of dedric current (of the output signd) is (substcntidly) maethcn the 
percentcge of chcnge of the rmcgnitude of the vdtcge l^d (of the output signd) 
fa the seme chcnge in cn input signd. 



(Para 43) It mcy be hdpful to first understcnd the detdls of a pria mixer end 
filter drcuit, which does not indude one a mae features of the present invention. 
Aooadngly, pria mixer is desaibed bdcw first with reference to Figure 2. 



(Para 44) 3. Prior Mixer 

( Para 45) Figure 2 is a drcuit degan illustrofing the detdls of a mixer in one pria 
embodment. IVlxer 200 is shOA/n oontdning NMC6 trensistas 210, 220 end 230, 
end resistas 240 end 250. Each oomponent is desaibed bdcw. 



(Para 46) As noted ebove, mixer 200 converts input signd received on pcifh 201 
into en Intermedete signd with the freeiuency bend of interest centered et a lower 
frecMenc/ then thet of the input signd. Such a conversion ma/ be perfamed by 
multiplying the input signd with a fixed freeiuency signd as is wdl kncwn in rde\/cnt 
ats . T he manner in which the multipiiool-ion operetion is perfamed by the drouit of 
Figure 2 is desaibed belcw. 



(Para47) Trensistas 210, 220 end 230 together operete to generate currents on 
pcths 225 end 234, with each current representing the intermedete signd with a 
frec^jency bend of interest centaed ct a lower frequency (0 in one embedment). 
The currents ae genercted besed on input signd 201 end the fixed frec^jency 
signds received on pcths 202 end 203. Thesignds on pcths 202 end 203 aeseme 
in mcgnitude end opposite in phase. The rrxnner in which the intermedete signd 
mey be genacted is desaibed bdcw. 



(Para 48) Trensista 210 receives input signd 201 on the gcte tamind end 
provides a current (on peth 21 1) which is propationcte to the vdtcge lo/d of input 
signd 201. Such en opaction mo^ be ettdned by impiementing trensista 210 to 
operete as a current source. 
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(Para 49) Trcnsistas 220 end 230 reoGive a fixed frequency sigid on the 
respedive gol-e terminds 202 end 203. Trcnsistas 220 end 230 ae turned on/off 
loesed on tine vdtege lo/d of signds 202 end 203 respedivdy. Sinoe sigids 202 
end 203 ae opposite in phese, winen one of trensistas 220 end 230 is turned on, 
tine otha one is turned off. hen trensista 230 is on, current on pdh 234 ec|uds the 
current on pofh 21 1 end \A/hen trensista 230 is off, no current flows on pofh 234. 
Thaefae, it ma/ be noted thai" the current on pofh 234 is oontrdled b/ signd 203 
(\A/hich oontrds the operoHon o trensista 230) end signd 201 (which oontrds the 
current on pofh 211). Similaly, the current on pofh 225 is oontrdled by signds 202 
end 201. 



(Para 50) As a result, the currents on pofhs 225 end 234 represent the 
muitipllocil-lon of input signd 201 \A/ith the fixed freqjmo/ signds 202 end 203 
respedivdy. Howeva, the f reeiuaic/ of the currents on pofhs 225 end 234 depends 
on the frequenc/ of input signd end the fixed freeiuaicy signd. 



(Para 51) In en embodment, eedn of signds 202 end 203 is in the farm of a 
squae wcN/e fa eese of oonvating the input signd into the intamedafe signd. A 
squae wcN/e rrxy be viewed cb oontdning rrxjitiple frequendes of sine wcK/e signds. 
As o result, the current on pofhs 225 end 234 oontdns the intamedate signd with 
multiple sine wcK/e signds of dffaent harrxnic frequenc/ oomponents indudngthe 
freqjenc/ oomponent (the oarponent of intaest) representing the dffaenoe of 
the ocrrier frecfjenc/ of the input signd end the fundcmentd frequenc/ of the fixed 
frequenc/ signd (pofhs 202 end 203). 



(Para 52) In the exemple ermbodment noted ebove, the inter medoi-e signd is 
generol-ed with a lower frecMenc/ equding zero by sdeding the ireqjmo/ of 
signds 202 end 203 equding the center frequenc/ (the frequenc/ at which the 
frequency bend of intaest is centaecD of input signd 201 . 



(Para 53) Resistas 250 end 240 respedivdy oonvert dedric currents 225 end 
234 into oorrespondng vdtege signds, which ae required to intafaoe with a pria 
filta drouit (desaibed in sedions bdcw). The intamedate signd on pafh 299 is 
provided in the fam of dedric vdtege to a filta drcuit. The desaiption is 
continued with refaence to a pria filta drouit. 



(Para 54) 4. Prior Filter Qrcuit 

(Para 55) Figure 3 is a drouit degrem illustrating the detdls of a filta drouit in 
one pria embedment. Filta drouit 300 opaates es a second ada low pess filta 
(LPF) end is shown oontdning opaafiond errplifia 310, resistas 320, 330, 340, 
end 350, end ccpedtas 360 end 370. Each oonrponent is desaibed bdcw. 
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(Para 56) Cperol-iond cmplifier 310 receives the signd on pol-h 311 al- inverting 
input termind tinrcu^ the pcrf-h oontdning resistas 320 end 330. The non- 
inverting input termind 312 is oonneded to gound to provide sin^e ended 
operd-ion. Cperd-iond cmplifier 310 cmplifies thesignd at- inverting input termind 
31 1 end prcN/ides the cmplified sigid on output pol-h 399. 



(Para 57) Resistas 320, 330, 340 end 350, end ccpedtas 360 end 370 together 
fam o seoond ader low pess filter drcuit to dlow only the frecfjenc/ bend of 
interest end rejed dl other frequenc/ oomponents in the sigid received on pafh 
299. Thus, filter drcuit 300 mo/ r^ed the unwented interference signds in sigid 
299 end prcvides the filtered sigid on pofh 399. 



(Para 58) /^suming thoT the resistenoe of resistas 320, 330, 340 end 350 equd 
R4, R2, Rl end R3 respedivdy, end ocpcdtenoes of ccpedtas 360 end 370 ee^jd 
C2 end CI respedivdy, the trensfer fundion (H(s)) of filta drcuit 300 is given by 
ecMCil-lon (1) bdow, \A/haein '*' end '+' respedivdy represent multi pi 1 col-Ion end 
eddtion aithmel-icoperol-ions, end 's' represents jw in Leplaoe IDomdn. 



H(s) = ^ ^ £quation{\) 

^4 1 + 5C2 ■(/?, + /?2 + + -^^) + .v' ■ C,C,R.R, 

(Para 59) It mey be observed thof the gdn of the filter drcuit depends on reil-lo 
R3/R4. However, resistas R3 end R4, dong with ofha resistas (Rl, R2) introduce 
ndse in the sigids of interest. The probems with pria mixer 200 end pria filter 
drcuit 300 ae desaibed bdcw with reference to Figure 4. 



(Para60) 5. Problems with Prior Embodiment (s) 

( Para 6 1 ) Figure 4 is a drcuit dogem oontdning a logiod vIoa/ of oombinot-ion of 
mixer 200 end filter drcuit 300 in en ermbodment. Cnly some of the components in 
mixer 200 end filter drcuit 300, es rdevent to illustrol-e the problems ae shown in 
drcuit 400. In paticula, vaious ocpedtas (which rrxj/ ol-hawise be present) ae 
not shewn, end thus the logod degem represents a drcuit operol-ing of lew 
freqjendes. Even thou^, the endysis thof would be rrxxte besed on the logcd 
degem mey not provide aoourol-e results, the results wae errpiriodly found to be 
within 10-15% ooaurecy. 



(Para 62) IVlxa 200 is shewn oontdning resista 240 end current source 440. 
Ourrent source 440 represents the current (I n_nnix) due to ndse corrponents in 
mixa 200. Filter drcuit 300 is rrxxlded cb operofing of a lew freeiuency end thus 
ccpedtas 360 end 370 ae net shown. 1 1 mey be noted thof resistas 320, 330, 340 
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end 350 ae oonned-ed in a sta fcshion (oonned-ed to a single ejedriod node) end 
tine delta equivdent (oontdning r^istas 420 end 430) of the resistas is shown in 
Figure 4. Aooordn^y, the vdues of resistas 420 end 430 respedively represented 
by Ra end Rb ae given by Ee|ueil-ions (2) end (3) belcw. 

(Para63) Ra= R2+(R4IIR1) + R2(R4IIR1)/R3 Ee|ueiHon (2) 

(Para64) Rb= R2+R3+R2R3/(R4IIR1) Eeiuofion (3) 

(Para 65) whadn ' II' represents padid oonnedion between resistas of 
oarespondng resistenoe vdues on bcth sides of ' 1 1' . Fa exerinple4Ri I Ri eeiuds 
R4*Ri/(R4+Ri). 



(Para 66) Vdtege source 450 represents the ndse introduced by opaofiond 
emplifia 310. The output vdtege on peifh 399 due to ndse components in drcuit 
400 is given by ee^jol-ion (4) iDdew. 




.£quation(4) 



(Para 67) whadn Rl represents the resistenoe of resista 240, l< is Bdtzrrxn' s 
oonstent (wdl kncMn in the rdevent ats), end T is embent/room tennpaeil"ure in 
ebsdute/Kdvin sode. 



(Para 68) It mey be eppredeil-ed theil- Ee|ueil-ion (4) hes three oonnponents 
sepaoi-ed by the + signs, end first oorrponent, second component end third 
component respedivdy represent the ndse vdtcges due to mixa 200, opaofiond 
emplifia 300 end resistas in filta drcuit 300.lt mey be noted thof the sigid on 
pol-h 299 is in thefam of dedric vdtege end resista 420 (Rq) convats vdtege 299 
into the correspondng dedric current fa propa opaofion of filta drcuit 300. Rq 
needs to loe lage to intafocB with mixa 200 (which provides a signd in the fam of 
vdtege on pofh 299) since a lew vdue of Ra mey cause loedng effed on mixa 200 
resulting in (undesirebe result of) redudion of vdtege levd of vdtege 299. A hi^ 
vdue of Ra in turn inaeases the ndse levd since sevad resistas in a filta drcuit 
mey dso need to be soded up carespondn^y. 



(Para 69) T he rafioRb/Ra represents the gdn of filta drcuit 300 of Figure 4, which 
is fixed based on the gdn requirement of the filta drcuit of the spedfic opaaficn 
time instcnce. Thaefae, by cbsaving components 2 end 3 of Equaficn (4), it mey 
loe obsaved thaf the ndse due to cpaafiond emplifia 300 end resistas in the filta 
drcuit is emplified by the gdn of the filta drcuit, furtha resulting in inaecBe of the 
ndse when a hi^a gdn is sou^t, which is undesirebe. Hence, one probem with 
pria filta drcuit 300 is the introdudicDn cf ndse in the filtaed signd provided on 
pafh 399. 
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(Para 70) The noise due to resistas ocn be reduoed by redudng the resistcnoe 
vdues of resistas 420 end 430. Hcwa/er, to mdntdn the desired response of the 
filter, the redudion in resistcnoe vdues requires cn inaecse in the ocpcdtcnoe 
vdues of ocpcdtas in filter drouit 300 of Figure 3, whidi lecds to inaecsed aeo 
rec|uirennent end fcbriocil-ion dndlenges. There is often dso a limit to which 
resistcncs vdues ocn be reduced bcsed on locdng seen by rrixet 200. Therefae, 
redudng resistcnoe vdues rrxy net bedesircbe, ol- iecst in some environments. 



(Para 71) /^ternai-ivdy, the effect of ndse due to resistas 420 end 430 ocn be 
minimized by providng a signd with a high vdtege swing on path 299. Due to such 
Q high swing fa the input signd, the strength of sigid components ocn be mode to 
be substentidly mae then the strength of the ndse oorrponents, thereby ocusing 
the ndse due to hi^ resistcnoe vdues to be ne^igbe. 



(Para 72) Howa/er, one problem with mixer 200 with the general-ion of hi^ 
vdtege swing signds on poi-h 299 is that trensistas 220 end 230 of Figjre 2 mey 
provide a non-linea response while processing sigids with such a hi^ vdtege 
swing. The non-linea responsewould in turn ocusedstation in the signd provided 
on pofh 299. The dstation in the signd would be wase if mixer 200 is 
implennented to operol-e ol- lew supply vdtcges. However, there ae se/erd 
environments in which lew supply vdtcges ae desirdde. Axadngly, use of hi^ 
vdtege swing on pofh 299 rrxy be incdequol-e in some environments. 



(Para 73) The menner in which one a mae of the problems with pria mixa end 
filta drouit ocn be edd-essed oooadng to vaious esped-s of the present invention 
is desaibed iDelew. 



(Para 74) 6. Modifying Prior Qrcuits for Low Noise/Distortion 

(Para 75) An improvement to the oombinofion of the mixa end filta drouit is 
besed on cn obsavol-ion that- a current to vdtege oonvasion end then egdn a 
vdtege to current oonvasion is pafamed in the oomidnofion drouit of Figure 4. 
The current to vdtege oonvasion is pafamed by resista 240, end the vdtege to 
current oonvasion is pafamed by resista 420. A current mode intafoB is 
provided loetween a mixa end a filta drouit oooadng to cn csped- of the present 
invention, which enebles rerrxDvd of resista 240 in mixa 200 end resista 420 in 
filta drouit 300. By rermoving resista 420 (which is a source of the ndse), ndse 
introduced the filta drouit ocn loe reduced. 



(Para 76) In eddtion, cb current on pofh 234 is drecfly provided to the filta 
drouit, the requirement of lage vdtege swing on pol-h 299 rrry be diminafed. The 



Pcge9of 38 



cbsenoe of lage vdtcge swing on pofh 299 redioes dstation in tiie signds of 
interest. Tiius, low ndse end low dstation ocn be oi-tdned by using a current mode 
interfooe between the mixer end the filter drcuit (as desaibed with excmples 
be! OA/). 



(Para 77) Howa/er, removd of resista to prcMde current mode interfooe in filter 
drcuit ma/ require redesign of the filter drcuit al- lecBt to meel- vaious pacmet-ers 
(Q-fccta, frequenc/ response, etc) cb desircbie. 



(Para 78) The redesign rrxy need to tcke into aooount ether reciuirements cb well. 
Fa excmple, cn ided current mode input drcuit (i.e., filta which receives the 
current input) hcs to offer zao input inrpedcnoe. Aooadn^y, it is desircbe to 
implement the filter drcuit (ct lecst a first stage of the filta drcuit) with a low input 
impedcncB to receive current from the mixa. Example mixa-filta drcuits which 
meet some of such requirements ae desaibed below in further detdl. 



(Para 79) 7. Combination of iVIixer and Fiiter circuit 

(Para 80) Figure 5A is a drcuit dagcm illustrcting the defdls of a oombinol-ion of 
mixa end filta drcuit implemented fa single-ended mode of opaction in cn 
embedment of the present invention. Mxa-filta drcuit 500 is shown contdning 
mixa 591 end filta drcuit 592. Mxa 591 is shown ontdning NMCB trcnsistas 
510, 520, end 530, end current sources 540 end 550. Filta drcuit 592 is shown 
ontdning ocpcdta 560, resista 570 end opactiond cmplifia 580. Ecdn 
conrponent is desaibed belcw. 



(Para 81) IVixa 591 is cssumed to opa ate from input 1 12 end filta drcuit 592 is 
cssumed to opaal-e from input 126 genaafedby mixa 591. Thus, the oombinol-ion 
of mixa 591 end filta drcuit 592 ocn be used in plaoe of the oombinotion of mixa 
120 end filta drcuit 160 of Figure 1. As noted doo/e, mixa 591 oonvats input 
sigid received on pcth 112 into cn intamedcte sigid in the fam of eledric 
current with the frequenc/ bend of intaest oentaed ct a lower freqjenc/ then thct 
of the input sigid, end prcN/ides the ejedric current on pcth 126. The oonvasion 
ma/ be pafamed b/ using fixed frequenc/ sigids on pcths 502 end 503. Signds 
502 end 503 ae simila to signds 202 and 203 of Figure 2. Pcths 502 end 503 ae 
contdned in pcth 122 of Figure 1 . 



(Para 82) Current sources 540 end 550 provide the current to sef bIcB pdnt fa 
linea opaction of trcnsistas 510, 520 end 530. The mcgnitude of the current 
source mo/ be detamined oooordn^y. The defaminoi-ion of the mcgnitude end 
the implementction of current sources will be cppaent to one skilled in the rdevcnt 
ats. The cawon rrxxte vdtcge befween mixa 591 end filta drcuit 592 is sef b/ a 
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oommon mode feed beck loop (net shc^A/n) cb is \A/ell knc^A/n in rele^cnt ats. Fa 
excmple, the oommon mode vdtcge Is set to bcB current sources 540 end 550, end 
operoi-lond emplifier 580 op|-irTx:lly. 



(Para 83) Cne termind of eedn of current souroGS 540 end 550 Is oonneded to 
supply Vdd end the other termind of each of current sources 540 end 550 Is 
conneded to the d'dn termind of trensistas 530 end 520 respedlvdy. Trenslstas 
530 end 520 receive fixed free^jenc/ sigids on the respedlve goi-e termlnds 502 
end 503. The source termlnds of eech of trenslstas 530 end 520 Is conneded to 
theddn tamind of trenslsta 510. Trensista 510 receives Input sigid 1 12 on the 
gofe termind end the source tamind of trensista 510 is conneded to Vss a 
g-ound. 



(Para 84) Trenslstas 510, 520, end 530 of mixa 591 opaofeslmlla to trenslstas 
210, 220 end 230 of Flgjre2. Fa andseness, the desaipfion of the components Is 
not repeoi-ed. Due to the opaeil-lon of trensistas 510, 520, end 530, the current 
provided on pofh 534 represents intamedot-esignd 126, \A/hich Is p-ovlded cb Input 
tofilta drouit592. 



(Para 85) Cpaot-lcnd empllfia 580 is shoNA^i with Invating Input tamind 511 
conneded to receive signd on pofh 126 end non-invating Input tamind 512 
conneded to Vss a gound. Resista 570 end ocpcdta 580 ae conneded in 
padlel iDetween invating input tamind 51 1 end output tamind of opaofiond 
emplifia 580onpcifh 167. 



(Para 86) Cpaeil-lond empllfia 580 receives the sIgnd on poi-h 126 oi- Invating 
Input tamind. Non-lnvating input tamind 512 is conneded to gound to provide 
sin^e ended opaafion. Cpaafiond emplifia 580 cmplifies the sigid of invating 
Input tamind 51 1 end provides the amplified sigid on output pafh 167. 



(Para 87) Resista 570 endcepedta 560togel-ha famaflrst ada lowpess fllta 
to dlow only the frecfjenc/ bend of intaest end r^ed dl freeiuenc/ components 
otha then the freeiuenc/ loend of intaest in the signd received on path 126. By 
cppropricil-e sdedion of the component vdues of resista 570 end ocpcdta 560 
based on the desired corna frequenc/ (\A/hich sepaafes the frequency locnd of 
intaest from the frequency components sou^t to loe r^edecD, unwonted 
intafaenoe sigids ma/ loe reeded effedivdy. 



(Para 88) Thus, filta drcuit 592 rrxy r^ed the unwonted intafaenoe sigids In 
sigid 126 end provides the filtaed signd on pafh 167, which contdns the 
frequenc/ bend of intaest centaed af Iowa frequency. Filta drcuit 592 prcvides 
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filtered signd 167 in tine fam cf eledric vdtcge even tl-iou^ tine input signd 
received on pci|-|i 1 26 is in tine farm cf current. 



(Para 89) noted cbcve, filter drcuit 592 needs to provide zero input impedcnoe 
fa current mode interfoB. It mo/ be observed thai- the input impedcnoe of filter 
drcuit 592 is zero/low sincB no conrpxients ae present between pafh 126 end 
inverting input termind 51 1. Thus, filter drcuit 592 perfams filtering operoi-ion on 
inter medol-esigid 126 received in the fam of eled-ric current. 



(Para 90) It mo/ be noted thai" resistas (such cb 420 of Figure 4) ae ellnnlnal-ed 
in filter drcuit 592, thus the ndse introduced by filta drcuit 592 is reduced The 
output vdtcge (Vn^) on pofh 167 due to vaious ndse oomponents in drcuit 500 is 
given by ecMoi-ion (5) below. 

Vn = {h,muRf 1 + ^ia^p + "^^TRf £quation{5) 

( Para 9 1 ) wherein Rf represents the resistcnoe vdue of resista 570. 



(Para 92) It mcy be cppredol-ed from eqjcifion (5) thai- ndse cLe to operofiond 
amplifier 580 end resista 570 is not amplified end thus the ndse is reduced 
oompaed to the ndse of Figure 4 as gven with equaHon (4) cbove. 



( Para 93) Furtha, the effect' of ndse (due to filta drcuit 592) mcy be recLoed by 
inaecsing the amplifiocil-ion fccta of rmixa 591 sines the current on path 126 ocn 
be amplified substcntidly. N> a result, the effeci of ndse on the lage current signd 
1 26 mcy be reduced. I n oddtion, dje to the current rmode intafaoe befween mixa 
591 end filta drcuit 592, vdtcge swing of intarmedafe signd 126 ocn bel<ep|- srmdl 
end thus dstation due to non-lineaity of trcnsistas in rmixa 591 rmcy be reduced 



( Para 94) P\so. strong intafaenc© signds mcy not affect the processing of signds 
of intaest since strong (in vdtcge dormdn) intafaenoe signds ae not furtha 
amplified in mixa 591 befae providng intarmedafe signd 126 to filta drcuit 592. 
Howeva, filta ed sigid 167 is provided with lage vdtcge swing (es desirdde fa 
the opaafion of PDC 1 70), which contdns only signds of intaest. 



(Para 95) Figure 5B represents the filta drcuit 500 of Figure 5A implermented in 
dffaentid mode. Resista 593 (opaofing in oomplermenting position to resista 570 
fa dffaentid opaafion) end ocpcdta 594 (opaafing in oomplermenting position to 
ocpedta 560) ae shown added to provide the dffaentid rmode of opaafion. I n 
eddtion, the dffaentid inputs 581 end 582 (genaafed by rmixa 591) rmcy be 
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N/iOA/ed CB logcdiy oontdned in pol-h 126 of Figure 1 . Tine output signds 598 end 
599 mo/ be viewed cb logiodly oontdned in pothi 167 of Figure 1 . 



( Para 96) 1 1 mot/ be noted that filter drouits of Figures 5A end 5B ae singie ader 
filters, wtiidn mo/ not provide shiap frequenc/ dnaod-eristics at outoff frec^jenc/ to 
reject interferenoe signds. Thie interferenoe signds cLie the dcsenoe of sudi shap 
frecMenc/ diaaderlstics ocn get orplified aid presented at the output of filter 
drouit 592. ADOordngly, a trans -impedonoe filter drouit of higher ader, whidi 
overoomes some of sudi probems, is desaibed below with reference to Figjres 6A 
cnd6B. 



(Para97) 8. Second Order Trans-impedance Filter Qrcuit 

(Para 98) Figure 6A is a drouit dcgrcm Illustrating the detdls of a second ader 
trcns-impedcnce filta drouit implennented fa sin^e-ended operation in cn 
embodment of the present invention. Filta drcuit 600 is CBSumed to opaote from 
input 126 gmaated by mixa 591 of Figure 5A Thus, the combination of mixa 
591 end filta drouit 600 on be used in placB of the combination of mixa 120 end 
filta drcuit 160 of Figjre 1. Filta drouit 600 is shown contdning resistas 610 end 
620, ccpedtas 630 end 640, end cpaationd emplifia 650. Eedn component is 
desaibed belcw. 



(Para 99) Intamedate sigid 126 is shown provided to invating input tamind 
651 of cpaationd emplifia 650 via resista 610. Cne end of ccpedta 630 Is 
connected to receive the intamedate sigid on path 126 end the otha end Is 
connected to Vss/gound Resista 620 is connected between path 126 end output 
tamind 167 of cpaationd emplifia 650. GCpedta 640 is connected between 
Invating input tamind 651 end output tamind 167 of cpaationd emplifia 650. 



(Para 100) Cpaationd emplifia 650 receives input signd 126 on path 651 on 
the invating input tamind, es noted ebcve. The non-invating input tamind 652 is 
connected to gound to provide sin^e ended opaation. Cpaationd emplifia 650 
emplifies thesigid at invating input tamind 651 end prcN/ides the emplified sigid 
cn output path 167. 



(Para 1 01 ) Resistas 610 end 620, ccpedtas 630 end 640 togetha fam a 
second ada lew pass filta drcuit to diew only the frequency bend of intaest end 
r^ect dl otha freeiuency components in the sigid received cn path 126. Thus, 
filta drcuit 600 ma/ r^ect the unwented intafaenoe signds in signd 126 end 
provides the filtaed signd on path 167. 
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(Para 1 02) The input signd 126 to filter drcuit 600 is in tine fam of dedric 
current (I in)cnd filtered sigid 167 is in the farm of dedric vdtcge (Vo). /^suming 
thai- the resistcnoe of resistas 610 end 620 equd R end Rf, end ocpcdtcnoes of 
ocpcdtas 630 end 640 ec^d CI end C2 respedivdy, the trcnsfer fundion of filter 
drouit 600 is given by ecMCil-ion (6) bdcw. 

V Rf 

— 7, £qmtion(6) 

(Para 103) It mcy be noted from equation (6) thai- the trcnsfer fundion 
contdns ' % term, which represents seoond ader filter. 1 1 mo/ be further noted thai- 
the trcnsfer fundion (Equal-ion (6)) of filter drcuit 600 is simila to the trcnsfer 
fundion (EquaHon (1)) of filter drcuit 300. Thus, filter drcuit 600 operofes cb g 
seoond ader lew pcBS filter (LPF), which provides shaper frequenc/ chaoderistics 
then a sin^e ader filta cb is wdl kncNA/n. Filter drouit 600 ccn be implemented to 
operol-e In dffaentid mode dso, cb desalbed bdcw with reference to Figure 6B. 



(Para 104) In oompaison to Figure 6A the drcuit of Figjre 6B contdns 
resista 660 (operaflng In oomplementing position to reslsta 610 fa dfferentid 
operal-ion), resista 680 (operaUng in oompjementing position to resista 620), 
ocpcdta 680 (operaflng In oomplementing position to ocpcdta 630) end ocpcdta 
670 (operating in oomplementing position to ocpcdta 640) in cddtion. The input 
signds 581 end 582 ae CBSumed to be generated by mixer 591 of Figure 5B. The 
output signds 691 end 692 mot/ be viewed cb logodly oontdned In path 167 of 
Figure 1. 



(Para 105) Filter drouit 600 offers lew input impedcnoe to provide 

current mode interfacB to mixer 591, in spite of the presence of resista 610. At lew 
frec^jendes, the impedcnoe is nealy zao beocuse the cqoadtas 630 end 640 cb 
not ooncLid cny current, end therefae the current that flows through resista 610 is 
(dose to) zero, duetovirtud goundof the operationd cmplifia on invating input 
termind 651. Howa/er, at intamedate frequendes the input impedcnoe depends 
on the ocpcdtas 630 end 640, cb these oondud some current. Thus, the input 
impedcnoe depends on the frequenc/ of the Intamedate sigid 126 (a 
oombnatlon of 581 end 582). Hcweva, It Is still Icwoompaedtotheembodments 
of Figure 3, as desalbed In furtha detdl bdcw with refaenoe to Figure 7. 



(Paral06) 9. I mpedance Char ad eristics 

(Para 107) Figure 7 is a geph illustrating impedence chaadaistics of 

excmple embedments of filta drcuit 600 of Figures 6A^6B (line 710) end filta 
drcuit 300 of Figure 3 (line 750), with the frequenc/ vdues shown on X-ckIs end 
input irrpedence shewn on Y-axis. It mot/ be obsaved that the input irrpedcnoe of 
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filter circuit 600 is generdly Icwer tlncn tlnol- of filter drouit 300 fa simila 
frequerides, b/ oompCTing lines 710 end 750. 



( Para 1 08) I n one embodment (desaibed in further del-dl in sedion 1 0 

below), peck input impedcncB (i.e., nnadnnum vdues on lines 750 end 710) of filter 
drouits 300 end 600 respedivdy equd 600 ohms end 450 ohms. Metrics such cs 
CN/eroge would mae aoourai-dy refled the cd\/cntages of vaious ospeds of the 
present invention. The CN/ercge vdue from line 710 would be substcntidly lower 
then thai- of line 750, representing the benefits of the embodnnent(s) represented 
by Figure 7. I n one embedment, the o/ercge input impedcnoe of filter drouits 300 
end 600 respedivdy eqjd 250 ohm end 650 ohms. 



(Para 109) Line 710 represents thechcngein input impedcnoe vdue fa 

vaious frequendes. 1 1 mo/ be noted that" the Input impedcnoe vdue is mcKimum at" 
one frequenc/. The frec|uenc/ oarespondng to mcKimum input impedcnoe vdue is 
referred to cb the oaner frequenc/ (cutoff frequency) end is shown b/ 701 , which 
dfferenticil"es the frequency bend of interest from the undesirdde frequendes in the 
received sigid. 



(Para 1 10) Thechcngein input impedcnoe is due to ocpcdtas 630 end 

640 CB the Impedcnoe vdue of ocpcdta 630 depends on the frequency of Input 
sigid received on pafh 126. It rrxy be observed thai" the input irrpedcnoe vdue 
d-ops substcntidly lew fa frequendes ctha then fa the oana frequency, 
espeddly in frequency bend of intaest. 



( Para 111) 1 1 mcy be cppredafed thai o/en thou^ the input impedcnoe 

changes with the frequency, the vdue of the input irrpedcnoe is low oompaed to 
the input impedcnoe of filta drcuit 300 of Figure 3. Hcweva, it may be nofed thai" 
the input irrpedcnoe of filta drouit 592 of Figures 5/V5B is lew (dmost zao) end is 
independent of the frequency of input sigid 1 26 to the extent opaafiond anplifia 
580 is ided. 



(Para 1 12) The desaiption is continued with resped to oompaison of 

ndse chaadaistics (between the pria embodments end the errTbodments 
provided aooadng to vaious cspeds of the present invention, desaibed cbcve) 
with refaenoe to Figure 8 belcw. 



(Para 113) 10. Comparison of Noise Charad eristics 

(Para 1 14) Figure 8 is a g'cph illustrafing ndse chaadaistics with the 

frequency vdues shown on X-ckIs end the oorrespondng ndse pcwa spedrd 
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density (PSD) (representing cfstribution of noise power ever a frequenc/ bcncD 
sinown on Y-OKis. Lines 810 end 850 represent tine noise dnaocteristics of filter 
drouits 300 end 600 respecfively (in oneembodment). 



(Para 115) It mo/ be observed thof both lines 810 end 850 ae shown 

deaecBing in noise vdue with the inaecse in frec|uenc/. However, line 810 is 
shov\/n with lew noise vdue then line 850 fa cny spedfic frequenc/ of opercfion. 



(Para 116) In one embodment, mixer 200 is implemented with a DC 

locd of 500ohnns, end filter drcult 300 Is irrplemented with a corner frec|uenc/ of 
1 1.5MHz (Mega hertz), pde-Q of 0.64 end the do gdn of 12cB, the oomponent 
vdues of filter drouit 200 found to be R2=750ohnns, R3=6Kohnns, R4= 1 .5kohnns, 
cl = 19.1 pF (pioo Faods), C2=2.2pF, end Rl is CBSumed to be open drouited fa 
simplifiocil-ion of thecndysis. It is observed thof mixa-filta oombinal-ion of Figjre4 
(pria embodments) with the cbove oomponent vdues lecd to a ndse figure 
(providng a mecBure of the degcddlon In the sigid to ndse rofio, cb Is wdl 
known in the relevcnt ats) of 4.5cB. 



(Para 1 1 7) Howa/a, the oombinafion of mixa 591 end filter drouit 600 

ocn be implemented to meef the pacmetas noted cbove with the oomponent 
vdues of R=500 ohrms, Rf=4k ohrms, CI = 19.8 pF end C2= 4.8 pF. It is observed 
thof the oombnofion lecds to a ndse Figure of 3.3cB, which is cn improvement in 
the redudlon of ndse of 1 .2cB. Thus, filter drcult 600 of Figures 6A^6B cooadng to 
cn CBped of the present invention provides low ndse PSD then fllta drcult 300 of 
Figure 3 In one pria embodment. 



(Para 118) It mcy be cppredofed thai- vaious rrxxifiocil-ions mcy be 

mcde to the drouits of Figures 6A end 6B, without depatlng from the scope end 
spirit of vaious cspeds of the present invention. The desalpflcn Is continued with 
resped to a genad fllta strudure, oooadng to cn csped of the present invention. 



(Para 119) 1 1. General High Order Filter Qrcuit 

( Para 1 20) Cne limital-ion of the drcuits of Figjres 6A end 6B is thai- the 

trcnsfa fundion is oonstrdned to be cn dl-pde trcnsfa fundion. An dl-pde 
trcnsfa fundion is one whae the numaofa does not hcve cny "s" tams, end is 
hence frequency independent. A numba of useful flltas (fa eKcmple Ellepficd 
fllta), wdl-kncwn to cne skilled In rdo/cnt ats, ccnnof be synthesized with this 
llmitaUcn. 
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(Para 121) Figure 9A is a drcuit dcgrcm illustrot-ing tine del-dls of a 

generd hi^ ader filter drouit 900 provided oooordng to cn csped of the present 
invention. Filter drouit 900 ocn be used in plooe of filter drouit 160 fa the 
synthesis of mae generd doss of filters. Filter drouit 900 is shown oontdning 
resistas 910, 915, 920, end 990, ocpcdtas 930, 935, 940, 960 end 995, end 
operol-icnd cmplifier 950. Ecch oomponent is desaibed below. 



(Para 122) The oombind-ion of resistas 910 end 915 ooineded in 

series, oouples the input signd received eil- node 901 (on pdh 126) to the inverting 
input termind of operoi-iond emplifia 950. Resista 920 is ooineded bel-ween the 
output termind of operei|-iond emplifier 950 end node 901. Gtpedta 940 is 
oonneded ccrcss the output termind end inverting input termind of opereil-iond 
emplifier 950. GCpedta 960 is oonneded ioetween the jundion of oonnedion of 
resistas 910 end 9 15, end the output termind of opereifiond emplifier 950. 



(Para 123) The oombineil-ion of ocpedtas 930 end 935 anneded in 

series, is oonneded loetween the inverting input termind of opereifiond emplifier 
950 end node 901. Resista 990 is oonneded iDetween the jundion of ocpedtas 
930 end 935, end gound GCpedta 935 is oonneded loefween g-ound end the 
jundion of resistas 910 end 9 15. 



(Para 124) In cn embodment, eedi of ocpedtas 930 end 935 hes a 

ocpedtenoe megnitude eeiuding C, end ocpedtas 925 end 960 respedivdy hei^e 
ocpedtenoe of 2I<(1 - e)Cend 2I<G& (the four fedas loeing rrxjitiplieeD. Resistas 
910, 915, end 990 respedivdy hei^e resistenoe of R, R end l<R/2. The (feeebed<) 
ocpedtencB of ocpedta 940 is represented by Cf end the resistenoe of resista 920 
is represented by Rf. With these vdues end convention, the trensfer fundion of 
filter drouit 900 is gven by Equofion (7) bdcw: 

Rf(s'C'kR'+l) 

— = 5 =- EquationiJ) 

\ + AyS + A^s+A^s 

Wherein, 

A, = IRCkX + 2RCf + IRfCkX + RfCf 
\ = 2R^RC^C(k + 1) + R^C^k + IC^CR^k + IR^RC^kX 
— C C 

(Para 125) It mey be observed that filter drouit 900 provides a third 

ader trensfer fundion in the denominata. However, it ocn be shown thai- the third 
(red) pde is usudly ol- a much hi^er frequenc/ then the two complex pdes fa 
typiod vdues. Axadn^y, in predioe, the drcuit of Figure 9A provides second 
ader filter chacderistics. 
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( Para 1 26) Simila to in Figure 6B, tine sin^e ended cppro(xh of Figjre 

9A ocn be extended to dfferentid irrplemental-ion cs well, end the oorrespondng 
drouit is depid-ed in Figjre 9B. I n oonnpaison to Figjre 9A Figure 9B oontdns 
resistas 9 10- A 9 15- A 920-A end 990- A ccpodtas 930- A 935- A 940- A 960-A 
end 995-A end poi-hs 126-A end 169-A in cddtion, whieh respedivdy provide the 
oomplennentay operoTion to resistas 910, 915, 920, end 990, ocpedtas 930, 935, 
940, 960 end 995, cndpoThs 126 end 169, cs required fa the dfferentid opereiTion. 



(Para 127) The paemel-er vdues k end e, end the rol-io Q/C ocn be 

vaied to ednia/e the desired oorner freeiueno/ end pde Q-foda. The 
oarespondng oomponent vdues ocn be epproxirrxidy odeulol-ed by ignaing the 
term of Ee|ueil"ion 7), a sdved exedly using oorrputer progrems in l<nown weys. 
T he oonfigurcil"ion of Figure 98 leads to a positive vdue of e Aiofher esped of the 
present invention encbes a negofive vdue of e to be oftdned, thereby providng 
g-eofer chdoes to a designer in oftdning desired filta chaoderistics as desalbed 
bdow with reference to Figure 9C 



(Para 128) Figure 9C is simila to Figure 98 exoepf thai- a tamind of 

ocpcdta 960 is oonneded to non-invating output tamind 169-A (instead of 
invating output tamind 169 cb in Figure 98) end the tamind of ocpcdta 960-A is 
anneded to invating output tamind 169. Due to such a oonfigurafion, a negofive 
vdue fa e is aftdned, cb would be cppaent to one skilled in the rdevcnt ats. 



(Para 129) In cddtlon, if e = 0 (remcving ocpcdta 960 from Figure 

9A), CB ocpedtas 930/935 end resistas 990/910 ae remo/ed, the topdogy of 
Figure 9A (98) reduces to the topdog/ of Figure 6A (98) (with en extra ocpcdta), 
consistent with thestafement thaf thedrcuit of Figure 9A (98 cnd90 represents a 
genad topdog/ from which the topdogy of Figure 6A ocn be daived 



( Para 1 30) P\so, the topdoges of Figure 6A end Figure 9A (98 end 9Q 

opaafe as ided trens-irrpedcnce configurafions of low frequency of input sigids. 
I n cddtlon, it rrxy be obsaved from Figure 7 thaf the input impedcnce exhibits a 
bcnd-pcBS trensfa fundion of hi^ frequendes, which pecks of the oana 
frequency (701) of the filta. 



(Para 131) To provide ided trens-impedcnoe onflguraflon, the Input 

impedenoe of the filta hes to be lew e^en of hi^ frequendes. The desired low 
input impedenoe mey be obtdned by redudng the rafio of the resistenoe vdues of 
resistas 610 to 620 in filta drouit 600 of Figure 6, end redudng the rafio of the 
resistenoe vdue of resistas 910 end 915 to 920 in filta drouit 900 of Figure 9. 
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Howo/er, such redud-ion in rol-ios would cause a oorrespondn^y reduced feecbcd< 
fada, cs ma/ be cppredal-ed from the below equal-ions (8) end (9), thai" ae 
presented only fa filter drcuit 600. As is well known, feecbcd< faci-a of cn 
operal-iond cmplifier is defined cs the percentcge of signd thai- is fed bcd< in the 
negafive feecbcd< oonfigural-ion. A reduced feecback fccta reduces the effed-ive 
bcndwicfrh of the op-cmp, which rTx:kes the drcuit mae sensitive to op-cmp non- 
idedities. 



(Para 132) The input impedcnce of filter drcuit 600 is gven by Equation 

(8) : 

Z,,, ' ^, EquationiS) 

1 + aCj • (R^ +R) + ■ C.C^RfR 

(Para 1 33) The feecback fccfa of filter drcuit 600 is gven by Equafion 

(9) : 

1 sRfQ 

...Equation(9) 



p l + sC2{Rf+R) + s^C,C2RfR" 

( Para 1 34) By observing Equafions (8) cn (9), it ocn be cppredafed thaf 

the input impedcnce end feecback fccta of filta drcuit 600 fdlOA^ a bcnd-pcss 
trcnsfer function. The rrxjKlrrxjm vdues of these paonefas ae present ct the 
oana frecfjenc/, cs gven by the below equafions 10 (fa input irrpedcnoe) end 1 1 
(feecback fccfa): 



^ ' 1 + (1 + ^) £quationil 1) 



( Para 1 35) By examining Figure 6, it mcy be noted thai- the trcns- 

impedcnoe of the drcuit is defamined by resista 620. But the input irrpedcnoe is 
defamined by the padlel oombnafion of resista 620 end 610, cb nofed in 
equcifion ( 1 0) ebcve. T hus, fa a gven trens-impedenoe, to reduce the input 
impedcnoe resista 610 should be reduced Hcweva, such a reduction in the 
resistenoevdueof resista 610 would result in deaecsed feecback fccfa, cb seen 
from equcifion (1 1). This is en undesirebe effect. 



(Para 136) Figure 10 illustrafes the feecback fccfa vdues (Y-ods) fa 

oarespondng input impedcnce vdues (X-ckIs) in one ermbodment. It mot/ be 
genadly observed thaf the feecback fccfa reduces with a reduction of the input 
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impedcnoe vdue. Howo/er, it is generdly desirdde to hcN/e a high feedoock foda 
end low input impedcnoe. Thus, dependng on the recMirements of the spedfic 
situcil-ion, a oompromise needs to be d-tdned between the oonfliding recpjirements, 
end a designer mot/ d-iocse oorrespondng pcrcmel-er vdues. 



(Para 137) From the cbcve, it mo/ be cppredot-ed that-, filter drouits of 

Figures 5A 5B, 6A 6B end 9 provide lew input impedcnoe, which is desircble fa 
current mode interfooe. a result of the current nnode interfooe between mixer 
120 end filter drcuit 160, the need fa lage vdtege swing on poi-h 126 is 
diminaj-ed, which results in improved lineaity (recLioed dstation). I n eddtion, due 
to the current mode intafoB to filta drouits of Figures 5A 5B, 6A 6B, end 9 the 
need fa some resistas is elinnincil"ed, which results in redudion in ndse in the 
signds of interest. 



(Para 138) 12. Conclusion 

(Para 139) While vaious embedments of the present invention hcN/e been 
desaibed ebove, it should be uneterstood that they ho/e been presented by wey of 
exemple only, end not limitai-ion. Thus, the breedfh end soope of the present 
invention should not be limited by cny of the ebove desaibed exemplay 
enrtxximents, but should be defined only in aooadcnce with the fdlcwing ddms 
end their equivdents. 
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